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DELTA SIGMA-TYPE AD CONVERTER, 
CLASS-D AMPLIFIER, AND DC-DC 

CONVERTER 

BACKGROUND 

[0001] The present invention relates to a AZ-type AD con 
verter arranged so as to exhibit a high dynamic range While a 
AZ-modulated sampling frequency is suppressed to a com 
paratively-loW level. The present invention also provides a 
class-D ampli?er and a DC-DC converter Which utiliZe the 
AZ-type AD converter. 
[0002] FIG. 2 shoWs a related-art AZ-type AD converter. A 
subtractor 10 subjects an analogue input signal and a feed 
back signal to subtraction. An integrator 14 integrates a signal 
output from the subtractor 10. A quantiZer 16 compares a 
signal output from the integrator 14 With a predetermined 
threshold value, thereby binariZing the signal. A signal output 
from the quantiZer 16 is a one-bit digital signal Which 
assumes a value of “1” or “0” at a sampling interval unit of AZ 
modulation, and the one-bit digital signal is subjected to 
analogue-to-digital conversion, and a result of conversion is 
output. The one-bit digital signal is subjected to one sample 
delay by means of a one sample delay circuit 12, and the 
thus-delayed signal is fed back as the feedback signal to the 
subtractor 10. AZ-type AD converters, such as those 
described in; for example, Patent Documents 1 and 2, are 
available as a related-art AZ-type AD converter. 

[0003] [Patent Document 1] JP-A-2000-174627 
[0004] [Patent Document 2] JP-B-2856117 
[0005] A dynamic range of the AZ-type AD converter 
changes according to a sampling frequency, and a required 
dynamic range has hitherto been ensured by means of 
increasing the sampling frequency. HoWever, as a result of an 
increase in the sampling frequency, an operational ampli?er 
capable of making a high-speed response over a Wide range is 
required as an operational ampli?er used in an integrator, 
Which adds to cost. 

SUMMARY 

[0006] The present invention aims at solving the above 
mentioned problem and provides a AZ-type AD converter 
Which exhibits a high dynamic range While the sampling 
frequency of AZ modulation is suppressed to a compara 
tively-loW level. The present invention also provides a 
class-D ampli?er and DC-DC converter Which utiliZe the 
con?guration of the AZ-type AD converter. 
[0007] A AZ-type AD converter of the present invention 
includes a subtractor Which receives an analogue input signal 
and a feedback signal and Which outputs a signal pertaining to 
a difference betWeen the analogue input signal and the feed 
back signal; an integrator Which integrates a signal output 
from the subtractor; a comparator Which binariZes a signal 
output from the integrator by comparing With a predeter 
mined threshold value; a counter Which measures respective 
pulse Widths of a signal output from the comparator; and a 
PWM circuit Which outputs a pulse signal of predetermined 
period having a duty cycle responsive to a count value output 
from the counter and Which feeds back the pulse signal as the 
feedback signal to the subtractor, Wherein the counter mea 
sures the respective pulse Widths in each PWM frame period 
in synchronism With the PWM circuit, and the PWM circuit 
feeds back to the subtractor a pulse signal Whose duty cycle is 
set in accordance With a value of the measured pulse Width in 
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a next PWM frame; and a count value output from the counter 
is extracted as a converted digital output value. 

[0008] The signal output from the quantiZer 16 of the 
related-art circuit shoWn in FIG. 2 corresponds to a signal (a 
one-bit digital signal) Which comes to “1” or “0” in a sam 
pling period of AZ modulation, as mentioned previously. 
Consequently, the signal fed back to the subtractor 10 by Way 
of the one-sample delay circuit 12 also comes to “1” or “0” in 
the sampling period of AZ modulation. Therefore, the 
dynamic range of an output AD-converted by the related-art 
circuit is univocally determined by the sampling frequency. In 
order to increase a dynamic range, the sampling frequency 
must be increased. In contrast, according to the AZ-type AD 
converter of the present invention, the signal output from the 
comparator can assume various pulse Widths in the sampling 
period of AZ modulation in accordance With the level of an 
output from the integrator. Consequently, an output count 
value of the counter responsive to the pulse Width of the signal 
output from the comparator can also assume various values in 
the sampling period of AZ modulation. Further, an output 
signal of the PWM circuit responsive to the output count 
value of the counter can also assume various duty cycles in the 
sampling period of AZ modulation. Consequently, resolving 
poWer determined from the duty cycle of the signal output 
from the PWM circuit contributes to a dynamic range of an 
AD-converted output, so that the dynamic range can be 
enhanced. Therefore, a high dynamic range can be acquired 
While the sampling frequency of AZ modulation is suppressed 
to a comparatively-low level. 

[0009] A class-D ampli?er of the present invention utiliZes 
the con?guration of the AZ -type AD converter of the present 
invention. The class-D ampli?er includes a ?rst subtractor 
Which receives digital audio input data and digital feedback 
data and Which outputs data pertaining to a difference 
betWeen the digital audio input data and the digital feedback 
data; a ?rst PWM circuit Which outputs a pulse signal having 
a duty cycle responsive to data output from the ?rst subtrac 
tor; a sWitching circuit (a sWitching circuit in a class-D output 
stage) Which is sWitched on the basis of a signal output from 
the ?rst PWM circuit; a loW-pass ?lter Which smoothes a 
signal output from the sWitching circuit and Which supplies 
the smoothed signal to a speaker (an ear speaker, a loud 
speaker, or the like); and an AD converter Which subjects a 
signal output from the loW-pass ?lter to AD conversion and 
Which feeds back the converted digital signal to the ?rst 
subtractor as the digital feedback data, Wherein the AD con 
verter includes a second subtractor Which receives the signal 
output from the loW-pass ?lter and a feedback signal and 
Which outputs a signal pertaining to a difference betWeen the 
signal output from the loW-pass ?lter and the feedback signal, 
an integrator Which integrates the signal output from the 
second subtractor, a comparator Which binariZes a signal 
output from the integrator by comparing With a predeter 
mined threshold value, a counter Which measures respective 
pulse Widths of a signal output from the comparator, and a 
second PWM circuit Which outputs a pulse signal of a prede 
termined period having a duty cycle responsive to a count 
value output from the counter and Which feeds back the pulse 
signal as the feedback signal to the second subtractor; and 
Wherein a count value output from the counter is fed back as 
the digital feedback data to the ?rst subtractor by Way of or by 
bypassing a decimation ?lter. According to the class-D ampli 
?er, the AD converter exhibits a high dynamic range by means 
of resolving poWer of the second PWM circuit, and hence 
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distortion in an output from the class-D ampli?er can be 
reduced With superior ef?ciency. The PWM frame of the ?rst 
PWM circuit and the PWM frame of the second PWM circuit 
can be synchronized to each other. 

[0010] A class-D ampli?er of the present invention 
includes a ?rst subtractor Which receives digital audio input 
data and digital feedback data and Which outputs data per 
taining to a difference betWeen the digital audio input data 
and the digital feedback data; a ?rst PWM circuit Which 
outputs a pulse signal having a duty cycle responsive to data 
output from the ?rst subtractor; a sWitching circuit Which is 
sWitched on the basis of a signal output from the ?rst PWM 
circuit; a loW-pass ?lter Which smoothes a signal output from 
the sWitching circuit and Which supplies the smoothed signal 
to a speaker; and an AD converter Which subjects a signal 
output from the loW-pass ?lter to AD conversion and Which 
feeds back the converted digital signal to the ?rst subtractor as 
the digital feedback data, Wherein the AD converter includes 
a second subtractor Which receives the signal output from the 
loW-pass ?lter and a feedback signal and Which outputs a 
signal pertaining to a difference betWeen the signal output 
from the loW-pass ?lter and the feedback signal, a comparator 
Which binariZes the signal output from the second subtractor 
by comparing With a predetermined threshold value, a 
counter Which measures respective pulse Widths of a signal 
output from the comparator, a second PWM circuit Which 
outputs a pulse signal of a predetermined periodhaving a duty 
cycle responsive to a count value output from the counter, an 
integrator Which integrates the pulse signal output from the 
second PWM circuit and Which feeds back an integrated 
signal as the feedback signal to the second subtractor; and 
Wherein a count value output from the counter is fed back as 
the digital feedback data to the ?rst subtractor by bypassing a 
decimation ?lter; and the pulse signal output from the ?rst 
PWM circuit and the pulse signal output from the second 
PWM circuit are synchronized to each other, and an integra 
tion constant of the loW-pass ?lter and an integration constant 
of the integrator are set so as to become equal to each other. In 
this case, When the circuit does not operate Well as a result of 
an output from the loW-pass ?lter and an output from the 
integrator becoming an identical signal in a steady state, the 
second PWM circuit outputs a pulse signal of a predeter 
mined period having a duty cycle responsive to a value result 
ant from multiplication of the count value of the counter by a 
factor of —l; and the integrator integrates the pulse signal 
output from the second PWM circuit and feeds back, as the 
feedback signal, to the second subtractor a signal resultant 
from inversion of a polarity of the integrated signal, thereby 
solving the problem. 
[0011] A DC-DC converter of the present invention utiliZes 
the con?guration of the AZ -type AD converter of the present 
invention. The DC-DC converter includes a ?rst subtractor 
Which receives digital target value data and digital feedback 
data and Which outputs data pertaining to a difference 
betWeen the digital target value data and the digital feedback 
data; a ?rst PWM circuit Which outputs a pulse signal having 
a duty cycle responsive to data output from the ?rst subtrac 
tor; a sWitching circuit Which is sWitched on the basis of the 
pulse signal output from the ?rst PWM circuit; a loW-pass 
?lter Which smoothes a signal output from the sWitching 
circuit and Which supplies the smoothed signal to a load; and 
an AD converter Which subjects a signal output from the 
loW-pass ?lter to AD conversion and Which feeds back the 
converted digital signal to the ?rst subtractor as the digital 
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feedback data, Wherein the AD converter includes a second 
subtractor Which receives the signal output from the loW-pass 
?lter and a feedback signal and Which outputs a signal per 
taining to a difference betWeen the signal output from the 
loW-pass ?lter and the feedback signal, an integrator Which 
integrates the signal output from the second subtractor, a 
comparator Which binariZes a signal output from the integra 
tor by comparing With a predetermined threshold value, a 
counter Which measures respective pulse Widths of a signal 
output from the comparator, and a second PWM circuit Which 
outputs a pulse signal of a predetermined period having a duty 
cycle responsive to a count value output from the counter and 
Which feeds back the pulse signal as the feedback signal to the 
second subtractor; and Wherein a count value output from the 
counter is fed back as the digital feedback data to the ?rst 
subtractor by Way of or by bypassing a decimation ?lter. 
According to the DC-DC converter, the AD converter exhibits 
a high dynamic range by means of resolving poWer of the 
second PWM circuit, and hence a DC-DC converted output 
can be controlled With high accuracy. The PWM frame of the 
?rst PWM circuit and the PWM frame of the second PWM 
circuit can also be synchroniZed to each other. 

[0012] A DC-DC converter of the present invention 
includes a ?rst subtractor Which receives digital target value 
data and digital feedback data and Which outputs data per 
taining to a difference betWeen the digital target value data 
and the digital feedback data; a ?rst PWM circuit Which 
outputs a pulse signal having a duty cycle responsive to the 
data output from the ?rst subtractor; a switching circuit Which 
is sWitched on the basis of the pulse signal output from the 
?rst PWM circuit; a loW-pass ?lter Which smoothes a signal 
output from the sWitching circuit and Which supplies the 
smoothed signal to a load; and an AD converter Which sub 
jects a signal output from the loW-pass ?lter to AD conversion 
and Which feeds back the converted digital signal to the ?rst 
subtractor as the digital feedback data, Wherein the AD con 
verter includes a second subtractor Which receives the signal 
output from the loW-pass ?lter and a feedback signal and 
Which outputs a signal pertaining to a difference betWeen the 
signal output from the loW-pass ?lter and the feedback signal, 
a comparator Which binariZes a signal output from the second 
subtractor by comparing With a predetermined threshold 
value, a counter Which measures respective pulse Widths of a 
signal output from the comparator, a second PWM circuit 
Which outputs a pulse signal of a predetermined period having 
a duty cycle responsive to a count value output from the 
counter, an integrator Which integrates the pulse signal output 
from the second PWM circuit and Which feeds back an inte 
grated signal as the feedback signal to the second subtractor; 
and Wherein a count value output from the counter is fed back 
as the digital feedback data to the ?rst subtractor by bypassing 
a decimation ?lter; and the pulse signal output from the ?rst 
PWM circuit and the pulse signal output from the second 
PWM circuit are synchroniZed to each other, and an integra 
tion constant of the loW-pass ?lter and an integration constant 
of the integrator are set so as to become equal to each other. In 
this case, When the circuit does not operate Well as a result of 
an output from the loW-pass ?lter and an output from the 
integrator becoming an identical signal in a steady state, the 
second PWM circuit outputs, as in the case of the class-D 
ampli?er, the pulse signal of a predetermined period having a 
duty cycle responsive to a value resultant from multiplication 
of the count value of the counter by a factor of —l; and the 
integrator integrates the pulse signal output from the second 
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PWM circuit and feeds back, as the feedback signal, to the 
second subtractor a signal resultant from inversion of a polar 
ity of the integrated signal, thereby solving the problem. 
[0013] Another DC-DC converter of the present invention 
includes a step-doWn chopper circuit or a step-up chopper 
circuit provided in a loop of the AZ-type AD converter of the 
present invention. The DC-DC converter includes a subtrac 
tor Which receives, as inputs, an analogue target value signal 
and a feedback signal and Which outputs a signal pertaining to 
a difference betWeen the inputs; a comparator for binariZing a 
signal output from the subtractor by means of a predeter 
mined threshold value; a counter for measuring respective 
pulse Widths of a signal output from the comparator; a PWM 
circuit for outputting a pulse signal of a predetermined period 
having a duty cycle responsive to a count value output from 
the counter; and a step-doWn chopper circuit or a step-up 
chopper circuit formed by combination of a sWitching ele 
ment sWitched by means of a signal output from the PWM 
circuit, an inductor, a capacitor, and a diode, Wherein a volt 
age output from the step-doWn chopper circuit or the step-up 
chopper circuit is fed back as the feedback signal to the 
subtractor, and a voltage output from the step-doWn chopper 
circuit or the step-up chopper circuit is supplied to a load. 
According to the DC-DC converter, the AD converter exhibits 
a high dynamic range by means of resolving poWer of the 
PWM circuit, and hence a DC-DC converted output can be 
controlled With high accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above objects and advantages of the present 
invention Will become more apparent by describing in detail 
preferred exemplary embodiments thereof With reference to 
the accompanying draWings, Wherein: 
[0015] FIG. 1 is a block diagram shoWing a AZ-type AD 
converter according to an embodiment of the present inven 
tion; 
[0016] FIG. 2 is a block diagram shoWing a related-art 
AZ-type AD converter; 
[0017] FIG. 3 is a chart shoWing operating Waveforms of 
the AZ-type AD converter shoWn in FIG. 1; 

[0018] FIG. 4 is a block diagram shoWing a speci?c 
example of the AD converter shoWn in FIG. 1; 

[0019] FIG. 5 is a block diagram shoWing another speci?c 
example of the AD converter shoWn in FIG. 1; 

[0020] FIG. 6 is a block diagram shoWing a class-D ampli 
?er according to an embodiment of the present invention; 
[0021] FIG. 7 is a block diagram shoWing a modi?cation of 
the class-D ampli?er shoWn in FIG. 6; 
[0022] FIG. 8 is a chart shoWing operating Waveforms of 
the class-D ampli?er shoWn in FIG. 7; 
[0023] FIG. 9 is a block diagram shoWing an improved 
example of the class-D ampli?er shoWn in FIG. 7; 
[0024] FIG. 10 is a chart shoWing operating Waveforms of 
the class-D ampli?er shoWn in FIG. 9; 
[0025] FIG. 11 is a block diagram shoWing a DC-DC con 
verter according to an embodiment of the present invention; 

[0026] FIG. 12 is a block diagram shoWing the DC-DC 
converter according to another embodiment of the present 
invention; and 
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[0027] FIG. 13 is a block diagram shoWing the DC-DC 
converter according to still another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

First Embodiment 

Embodiment for Implementing a A93 -type AD Con 
verter 

[0028] FIG. 1 shoWs a AZ-type AD converter according to 
an embodiment of the present invention. A subtractor 18 (a 
differential ampli?er) subjects an analogue input signal and a 
feedback signal to subtraction, thereby outputting a signal 
pertaining to a difference betWeen the signals. An integrator 
20 is con?gured by use of an operational ampli?er and sub 
jects a signal output from the subtractor 18 to analogue inte 
gration. A comparator 22 binariZes a signal output from the 
integrator 20 by comparison With a predetermined threshold 
value. A counter 24 counts a clock signal of predetermined 
frequency, thereby measuring respective pulse Widths of a 
signal output from the comparator 22. Data output from the 
counter 24 are decimated to a predetermined sampling rate by 
a decimation ?lter 28 by Way of a loop ?lter 26 for phase 
compensation and gain adjustment purposes. Data output 
from the decimation ?lter 28 come to be an AD-conver‘ted 
output. A PWM circuit 30 outputs a pulse signal (a PWM 
signal) of a predetermined PWM frame period (:a sampling 
period of AZ modulation) having a duty cycle responsive to a 
value of an output from the loop ?lter 26, and the PWM signal 
is input as a feedback signal to the subtractor 18 through 
feedback. 
[0029] The period of the clock signal used for driving the 
counter 24 is suf?ciently shorter than the sampling period of 
AZ modulation. For example, When the sampling frequency 
of AZ modulation is set to 200 kHZ and the clock frequency of 
the counter 24 is set to 200 MHZ, the pulse Width of the signal 
output from the comparator 22 can be measured With resolv 
ing poWer that is determined by dividing the sampling period 
of AZ modulation by 1000. As a result, the resolving poWer of 
the PWM signal also serves as resolving poWer determined by 
dividing the sampling period of AZ modulation by 1000. 
[0030] FIG. 3 shoWs an operation Waveform of the AZ-type 
AD converter shoWn in FIG. 1. FIG. 3A shoWs a Waveform 
output from the PWM circuit 30 (in conjunction With an 
analogue input signal). The level of the analogue input varies 
Within a range betWeen a level “1” of the PWM signal and a 
level “0” of the same. The sampling period of AZ modulation 
is de?ned by means of a period of the PWM signal (a PWM 
frame period). FIG. 3B shoWs a Waveform output from the 
subtractor 18, and a signal pertaining to a difference betWeen 
the PWM signal shoWn in FIG. 3A and the analogue input acts 
as a signal output from the subtractor 18. FIG. 3C shoWs a 
Waveform output from the integrator 20 (along With a thresh 
old value of the comparator 22), and the integral output 
ascends or descends in accordance With an output produced 
through subtraction shoWn in FIG. 3B. FIG. 3D shoWs a 
Waveform output from the comparator 22 and Which is a pulse 
signal assuming a value of “1” in a segment Where the integral 
output shoWn in FIG. 3C is higher than the threshold value 
(e.g., 0V) of the comparator 22 and a value of “0” in a segment 
Where the integral output is equal to or loWer than the thresh 
old value. FIG. 3E shoWs a change in a count value of the 
counter 24. The count value is sequentially incremented from 
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Zero, by means of the clock signal, every time the pulse output 
from the comparator 22 rises to “l .” When the pulse falls to 
“0,” counting is stopped. Consequently, a ?nal count value 
achieved in each PWM frame period serves as a measured 
pulse Width value of the pulse output from the comparator 22 
during the PWM frame period. Thus, the counter 24 measures 
a pulse Width of the pulse output from the comparator 22 for 
each PWM frame period (?he sampling period of AZ modu 
lation) in synchronism With the PWM circuit 30. 
[0031] FIG. 3F shoWs an output from the counter 24, and a 
?nal value [indicated by (1) in FIG. 3E] of the counter 24 
achieved in each sampling period of AZ modulation is output 
in the next sampling period [indicated by (2) in FIG. 3F]. FIG. 
3G shoWs an output from the loop ?lter 26, and Which is a 
value [indicated by (3) in FIG. 3G] determined by causing the 
output [indicated by (2) in FIG. 3F] from the counter to pass 
through a loW-pass ?lter. A duty cycle [indicated by (4) in 
FIG. 3A] of the PWM signal output from the PWM circuit 30 
in the sampling period is set in accordance With the value of an 
output from the loop ?lter 26 [indicated by (3) in FIG. 3G]. 
Speci?cally, a duty cycle of the PWM signal for the next 
PWM frame is set in accordance With the Width of the pulse 
output from the comparator 22 measured in a certain PWM 
frame, and the PWM signal is fed back to the subtractor 18 in 
the same PWM frame. For instance, the AZ-type AD con 
verter is set such that, When an analogue input is 0V, the PWM 
signal shoWn in FIG. 3A and the output from the comparator 
shoWn in FIG. 3D come to assume a duty cycle of 50%. 

[0032] According to FIG. 3, When the analogue input 
shoWn in FIG. 3A is increased, the output of the subtractor 
shoWn in FIG. 3B shifts in a positive direction, and the output 
of the integrator shoWn in FIG. 3C shifts in a positive direc 
tion. Therefore, the pulse Width of the output from the com 
parator shoWn in FIG. 3D spreads, and the ?nal count value 
shoWn in FIG. 3E increases. The thus-increased ?nal count 
value is re?ected on the PWM signal shoWn in FIG. 3A in the 
next PWM frame period, and the duty cycle of the PWM 
signal increases. Consequently, a positive time duration of the 
output from the subtractor shoWn in FIG. 3B becomes narroW, 
and the output from the integrator shoWn in FIG. 3C is slightly 
moved back in the negative direction. Thus, a delay equiva 
lent to one sample of AZ modulation arises betWeen the 
counter 24 and the PWM circuit 30, and negative feedback is 
effected so as to suppress variations in the output from the 
integrator shoWn in FIG. 3C. The ?nal count value of the 
counter 24 is stabiliZed at a value responsive to the level of the 
analogue input. As a result, a digital output into Which the 
analogue input is transformed through A/D conversion is 
acquired from the counter 24. 

[0033] According to the above-mentioned operation, the 
PWM signal fed back to the subtractor 18 exhibits resolving 
poWer resulting from segmentation of the sampling period of 
AZ modulation, and hence a dynamic range is enhanced cor 
respondingly. For instance, provided that the counter 24 
makes 256 counts in one sampling period of AZ modulation 
and that the PWM signal exhibits resolving poWer (resolving 
poWer equivalent to eight bits) determined by dividing one 
sampling period of AZ modulation by 256, the dynamic range 
is enhanced by 48 dB (eight bits><6 dB) by means of resolving 
poWer of the PWM signal. Consequently, When a dynamic 
range of 100 dB is required over the entire AD converter, 
acquisition of 52 dB becomes suf?cient for a dynamic range 
stemming from AZ modulation, so that the sampling fre 
quency of the AZ-type AD converter can be suppressed to a 
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loW level. Further, an advantage of j itter in the digital output 
being reduced by means of resolving poWer of the PWM 
signal is also yielded. 
[0034] FIG. 4 shoWs a speci?c example of the AD converter 
shoWn in FIG. 1. The AD converter is con?gured as a three 
dimensional AZ modulation AD converter. A circuit 50 built 
from subtractors 32, 34, 36, integrators 38, 40, 42, and coef 
?cient units 44, 46, and 48 corresponds to a combination of 
the subtractor 18, the integrator 20, and the loop ?lter 26 
Which are shoWn in FIG. 1. As in the case of FIG. 1, one 
sample delay is effected betWeen the counter 24 and the PWM 
circuit 30. A characteristic of the loop ?lter 26 is adjusted by 
means of coe?icient values of the coe?icient units 44, 46, and 
48. 
[0035] FIG. 5 shoWs another speci?c example of the AD 
converter shoWn in FIG. 1. The AD converter is formed from 
a three-dimensional FIR ?lter in Which the loop ?lter 26 is 
formed from a DSP or the like. When an order is increased by 
the FIR ?lter, the loop ?lter 26 can also be formed from an IIR 
?lter. 

Second Embodiment 

Embodiment for Implementing a Class-D Ampli?er 

[0036] FIG. 6 shoWs a class-D ampli?er according to an 
embodiment of the present invention. A circuit 52 enclosed by 
a dashed line forms a AZ-type AD converter of the present 
invention. In the AD converter 52, elements common to those 
shoWn in FIG. 1 are assigned the same reference numerals. A 
subtractor 54 subjects digital audio input data to subtraction 
along With digital feedback data output from the AD con 
verter 52. Difference data output from the subtractor 54 are 
input to a PWM circuit 58 by Way of a loop ?lter 56 for 
compensating for the phase of an entire loop of the class-D 
ampli?er and adjusting a gain of the loop. The PWM circuit 
58 outputs a PWM signal of predetermined period having a 
duty cycle responsive to the input difference data. A sWitch 
ing element of a sWitching circuit (a class-D output stage) 60 
is activated or deactivated by means of the PWM signal. The 
signal output from the sWitching circuit 60 is smoothed by 
means of an LC loW-pass ?lter 62, to thus come to an ana 
logue audio signal. The audio signal is supplied to a speaker 
64, Whereby an audio is emitted. The AD converter 52 sub 
jects a signal output from the LC loW-pass ?lter 62 to AD 
conversion, and negatively feeds back a result of AD conver 
sion to the subtractor 54. Distortion arising in the sWitching 
circuit 60 or the like is lessened by means of negative feed 
back. 
[0037] The AD converter 52 is con?gured in the same man 
ner as is the AZ-type AD converter shoWn in FIG. 1. Speci? 
cally, the subtractor 18 subjects a signal output from the LC 
loW-pass ?lter 62 and the feedback signal from the PWM 
circuit 30 to subtraction, thereby outputting a signal pertain 
ing to a difference betWeen the signals. The PWM frame 
period of the PWM circuit 30 is set so as to become shorter 
than the PWM frame period of the PWM circuit 58. Since an 
analogue audio signal output from the LC loW-pass ?lter 62 
sWings to a positive value or a negative value With reference 
to 0V, the PWM signal output from the PWM circuit 30 is also 
a signal Which sWings to a positive value (corresponding to 
“1” level) or a negative value (corresponding to a “0” level) 
With reference to 0V. The analogue audio signal output from 
the LC loW-pass ?lter 62 varies Within the range from the level 
“1” to the level “0” of the PWM signal. When the range of 
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variations in the level of the signal output from the LC loW 
pass ?lter 62 exceeds the range of the level of the PWM signal 
output from the PWM circuit 30, the level of the signal output 
from the LC loW-pass ?lter 62 is reduced by an attenuator (not 
shoWn) provided at the input of the AD converter 52, and the 
thus-reduced signal is input to the subtractor 18. 
[0038] The integrator 20 integrates a signal output from the 
subtractor 18. The comparator 22 binariZes the signal output 
from the integrator 20 by comparison With a predetermined 
threshold value. The counter 24 counts a clock signal of 
predetermined frequency, thereby measuring respective pulse 
Widths of a signal output from the comparator 22. Data output 
from the counter 24 are decimated to a sampling rate of the 
digital audio input data by the decimation ?lter 28 by Way of 
the loop ?lter 26, in the AD converter 52, Which compensates 
for the phase of the loop and adjusting a gain of the loop. Data 
output from the decimation ?lter 28 are fed back to the sub 
tractor 54. The AD converter 52 operates in the same fashion 
as does the AD converter shoWn in FIG. 1, so long as a carrier 
component and aliasing noise of the PWM circuit 58 of the 
class-D ampli?er are suf?ciently cut by the LC loW-pass ?lter 
62. Since the dynamic range is enhanced by means of resolv 
ing poWer of the PWM circuit 30 as mentioned above, the AD 
converter 52 acquires a high dynamic range even When the 
sampling frequency of AZ modulation is comparatively loW, 
and can ef?ciently reduce distortion in an output from the 
class-D ampli?er. An advantage of jitter in a digital output 
being reduced by means of the resolving poWer of the PWM 
signal is also yielded. The decimation ?lter 28 can be omitted, 
so long as PWM frame periods of the tWo PWM circuits 30 
and 58 are synchronized to each other. 

[0039] FIG. 7 shoWs a modi?cation of the class-D ampli?er 
shoWn in FIG. 6. The modi?cation corresponds to the class-D 
ampli?er shoWn in FIG. 6 Where the PWM frame period of the 
PWM circuit 38 and the PWM frame period of the PWM 
circuit 50 are synchroniZed to each other and Where the inte 
grator 20 is positioned at the input of the subtractor 18. 
Elements common to those shoWn in FIG. 6 are assigned the 
same reference numerals. The PWM frame period of the 
PWM circuit 30 of an AD converter 52' and the PWM frame 
period of the PWM circuit 58 of the class-D ampli?er are 
synchronized to each other. An integration constant of the 
integrator 20 and an integration constant of the LC loW-pass 
?lter 62 are set so as to become equal to each other. Since a 
PWM frame period of the PWM circuit 30 and a PWM frame 
period of the PWM circuit 58 are synchroniZed to each other, 
the decimation ?lter 28 shoWn in FIG. 6 is omitted. 

[0040] It is likely that, in the circuit con?guration shoWn in 
FIG. 7, an output from the LC loW-pass ?lter 62 and an output 
from the integrator 20 Will become totally equal to each other 
in a steady state as shoWn in FIG. 8, Whereupon the output 
from the subtractor 18 comes to Zero and no pulse signal is 
output from the comparator 22, to thus make it impossible for 
the counter 24 to perform counting and fail to activate the 
circuit successfully. 
[0041] FIG. 9 shoWs an example con?guration improved in 
light of the problem. Elements common to those shoWn in 
FIG. 7 are assigned the same reference numerals. An AD 
converter 52" is con?gured in such a Way that an output from 
the loop ?lter 26 is multiplied by a factor of —1 by means of a 
coe?icient unit 66; that a result of multiplication is input to the 
PWM circuit 30; that the positive or negative polarity of an 
output from the integrator 20 is inverted by a polarity inver 
sion circuit 68; and that the thus-inverted output is fed back to 
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the subtractor 18. According to the circuit con?guration, the 
output from the LC loW-pass ?lter 62 and the output from the 
integrator 20 come to different signals at the steady state as 
shoWn in FIG. 10, and a PWM carrier component is output 
from the subtractor 18, Whereby the counter 24 becomes able 
to perform counting. 

Third Embodiment 

Embodiment for Implementing a DC-DC Converter 

[0042] FIG. 11 shoWs a DC-DC converter according to an 
embodiment of the present invention. The DC-DC converter 
has the previously-described con?guration of a class-D 
ampli?er shoWn in FIG. 6, Wherein digital target value data (a 
target value of a DC output voltage) are input in place of the 
digital audio input data and Wherein an arbitrary load 70 is 
connected in lieu of the speaker 64. Elements common to 
those shoWn in FIG. 6 are assigned the same reference numer 
als. The circuit operates in the same fashion as does the circuit 
shoWn in FIG. 6. When ?uctuations arise in the voltage output 
from the LC loW-pass ?lter 62 as a result of occurrence of 
variations in the load 70, the ?uctuations are dampened by a 
negative feedback loop constituted by theAD converter 52. In 
particular, the dynamic range of the AD converter 52 is 
enhanced by means of resolving poWer of the PWM circuit 
30, and hence a high dynamic range is acquired even at a 
comparatively-loW sampling frequency of AZ modulation, so 
that the output voltage can be controlled to a target value With 
high accuracy. The decimation ?lter 28 can be omitted, so 
long as the PWM frame period of the PWM circuit 30 and the 
PWM frame period of the PWM circuit 58 are synchroniZed 
to each other. 

[0043] LikeWise, in the con?guration of the class-D ampli 
?er shoWn in FIG. 7 or FIG. 9, digital target value data are 
input in lieu of the digital audio input data, and an arbitrary 
load is connected in place of the speaker 64, Whereby a 
DC-DC converter can be built. 

[0044] FIG. 12 shoWs another embodiment of the DC-DC 
converter. The embodiment corresponds to a con?gured 
acquired by placing a step-doWn chopper circuit 72 in the 
feedback loop of the AD converter of the present invention. 
Elements common to those described in connection With the 
respective embodiments are assigned the same reference 
numerals. A target value of an output dc. voltage is imparted 
by an analogue signal. A combination of an inductor 76 and a 
capacitor 78 in the step-doWn chopper circuits 72 plays the 
role of an integrator acting as an LC loW-pass ?lter, and hence 
the integrator 20 described in connection With the embodi 
ments is omitted. The subtractor 18 subtracts the analogue 
target value signal to the voltage output from the step-doWn 
chopper circuit 72, thereby outputting a signal pertaining to a 
difference betWeen the signals. The comparator 22 binariZes 
the signal output from the subtractor 18 by comparison With 
a predetermined threshold value. The counter 24 counts a 
clock signal of predetermined frequency, thereby measuring 
respective pulse Widths of a signal output from the compara 
tor 22. Data output from the counter 24 are input to the PWM 
circuit 30 by Way of the loop ?lter 26 for phase compensation 
and gain adjustment purposes. The PWM circuit 30 outputs a 
PWM signal of predetermined period having a duty cycle 
responsive to the value output from the loop ?lter 26, and the 
PWM signal is input to the step-doWn chopper circuit 72. The 
step-doWn chopper circuit 72 is built from a sWitching ele 
ment (MOS transistor) 74, an inductor 76, a capacitor 78, and 
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a circulating current diode 80, and a predetermined d.c. volt 
age is applied to the step-doWn chopper circuit from the dc. 
poWer source. The switching element 74 is sWitched betWeen 
ON and OFF positions by means of the PWM signal. As a 
result, a dc. voltage obtained as a result of the dc. source 
voltage being stepped doWn to a predetermined value is 
acquired from the capacitor 78. The output dc. voltage is 
supplied to the load 70. Further, the output dc. voltage is fed 
back to the subtractor 18. 
[0045] According to the DC-DC converter shoWn in FIG. 
12, When ?uctuations arise in the output from the step-doWn 
chopper circuit 72 as a result of occurrence of variations in the 
load 70, the ?uctuations are dampened by means of the nega 
tive feedback loop formed from the AD converter. In particu 
lar, the dynamic range of the AD converter is enhanced by 
means of resolving poWer of the PWM circuit 30. Hence, a 
high dynamic range is obtained even When the sampling 
frequency of AZ modulation is comparatively loW, so that the 
output voltage can be controlled With high accuracy. 
[0046] FIG. 13 shoWs still another embodiment of the DC 
DC converter. The embodiment corresponds to the con?gu 
ration Where a step-up chopper circuit 82 is provided in place 
of the step-doWn chopper circuit 72 shoWn in FIG. 12. Ele 
ments common to those shoWn in FIG. 12 are assigned the 
same reference numerals. The step-up chopper circuit 82 is 
built from a sWitching element (MOS transistor) 84, an induc 
tor 86, a capacitor 88, and a circulating current diode 90. A 
predetermined dc. voltage is applied to the step-up chopper 
circuit from the dc. poWer source. The sWitching element 84 
is sWitched betWeen ON and OFF positions by means of a 
PWM signal output from the PWM circuit 30. As a result, a 
dc. voltage obtained as a result of the dc. source voltage 
being stepped up to a predetermined value is acquired from 
the capacitor 88. The output dc. voltage is supplied to the 
load 70. Further, the output dc. voltage is fed back to the 
subtractor 18. 
[0047] According to the DC-DC converter shoWn in FIG. 
13, When ?uctuations arise in the output voltage of the step-up 
chopper circuit 82 as a result of occurrence of variations in the 
load 70, the ?uctuations are dampened by means of the nega 
tive feedback loop of the AD converter. In particular, the 
dynamic range of the AD converter is enhanced by means of 
resolving poWer of the PWM circuit 30. Hence, a high 
dynamic range is obtained even When the sampling frequency 
of AZ modulation is comparatively loW, so that the output 
voltage can be controlled With high accuracy. 
[0048] Although the invention has been illustrated and 
described for the particular preferred embodiments, it is 
apparent to a person skilled in the art that various changes and 
modi?cations can be made on the basis of the teachings of the 
invention. It is apparent that such changes and modi?cations 
are Within the spirit, scope, and intention of the invention as 
de?ned by the appended claims. 
[0049] The present application is based on Japan Patent 
Application No. 2007-052299 ?led on Mar. 2, 2007, the con 
tents of Which are incorporated herein for reference. 

What is claimed is: 
1. A AZ-type AD converter comprising: 
a subtractor Which receives an analogue input signal and a 

feedback signal and Which outputs a signal pertaining to 
a difference betWeen the analogue input signal and the 
feedback signal; 

an integrator Which integrates a signal output from the 
subtractor; 
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a comparator Which binariZes a signal output from the 
integrator by comparing With a predetermined threshold 
value; 

a counter Which measures respective pulse Widths of a 
signal output from the comparator; and 

a PWM circuit Which outputs a pulse signal of a predeter 
mined period having a duty cycle responsive to a count 
value output from the counter and Which feeds back the 
pulse signal as the feedback signal to the subtractor, 

Wherein the counter measures the respective pulse Widths 
in each PWM frame period in synchronism With the 
PWM circuit, and the PWM circuit feeds back to the 
subtractor a pulse signal Whose duty cycle is set in accor 
dance With a value of the measured pulse Width in a next 
PWM frame; and 

Wherein a count value output from the counter is extracted 
as a converted digital output value. 

2. A class-D ampli?er comprising: 
a ?rst subtractor Which receives digital audio input data and 

digital feedback data and Which outputs data pertaining 
to a difference betWeen the digital audio input data and 
the digital feedback data; 

a ?rst PWM circuit Which outputs a pulse signal having a 
duty cycle responsive to data output from the ?rst sub 
tractor; 

a sWitching circuit Which is sWitched on the basis of a 
signal output from the ?rst PWM circuit; 

a loW-pass ?lter Which smoothes a signal output from the 
switching circuit and Which supplies the smoothed sig 
nal to a speaker; and 

an AD converter Which subjects a signal output from the 
loW-pass ?lter to AD conversion and Which feeds back 
the converted digital signal to the ?rst subtractor as the 
digital feedback data, 

Wherein the AD converter includes: 
a second subtractor Which receives the signal output 

from the loW-pass ?lter and a feedback signal and 
Which outputs a signal pertaining to a difference 
betWeen the signal output from the loW-pass ?lter and 
the feedback signal; 

an integrator Which integrates the signal output from the 
second subtractor; 

a comparator Which binariZes a signal output from the 
integrator by comparing With a predetermined thresh 
old value; 

a counter Which measures respective pulse Widths of a 
signal output from the comparator; and 

a second PWM circuit Which outputs a pulse signal of a 
predetermined period having a duty cycle responsive 
to a count value output from the counter, and Which 
feeds back the pulse signal as the feedback signal to 
the second subtractor; and 

Wherein a count value output from the counter is fed 
back as the digital feedback data to the ?rst subtractor 
by Way of or by bypassing a decimation ?lter. 

3. The class-D ampli?er according to claim 2, Wherein a 
PWM frame of the ?rst PWM circuit and a PWM frame of the 
second PWM circuit are synchronized to each other. 

4. A class-D ampli?er comprising: 
a ?rst subtractor Which receives digital audio input data and 

digital feedback data and Which outputs data pertaining 
to a difference betWeen the digital audio input data and 
the digital feedback data; 
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a ?rst PWM circuit Which outputs a pulse signal having a 
duty cycle responsive to data output from the ?rst sub 
tractor; 

a switching circuit Which is sWitched on the basis of a 
signal output from the ?rst PWM circuit; 

a loW-pass ?lter Which smoothes a signal output from the 
sWitching circuit and Which supplies the smoothed sig 
nal to a speaker; and 

an AD converter Which subjects a signal output from the 
loW-pass ?lter to AD conversion and Which feeds back 
the converted digital signal to the ?rst subtractor as the 
digital feedback data, 

Wherein the AD converter includes: 
a second subtractor Which receives the signal output 

from the loW-pass ?lter and a feedback signal and 
Which outputs a signal pertaining to a difference 
betWeen the signal output from the loW-pass ?lter and 
the feedback signal; 

a comparator Which binariZes the signal output from the 
second subtractor by comparing With a predetermined 
threshold value; 

a counter Which measures respective pulse Widths of a 
signal output from the comparator; 

a second PWM circuit Which outputs a pulse signal of a 
predetermined period having a duty cycle responsive 
to a count value output from the counter; 

an integrator Which integrates the pulse signal output 
from the second PWM circuit and Which feeds back 
an integrated signal as the feedback signal to the sec 
ond subtractor; and 

Wherein a count value output from the counter is fed back 
as the digital feedback data to the ?rst subtractor by 
bypassing a decimation ?lter; and 

Wherein the pulse signal output from the ?rst PWM circuit 
and the pulse signal output from the second PWM circuit 
are synchroniZed to each other, and an integration con 
stant of the loW-pass ?lter and an integration constant of 
the integrator are set so as to become equal to each other. 

5. The class-D ampli?er according to claim 4, Wherein the 
second PWM circuit outputs a pulse signal of a predeter 
mined period having a duty cycle responsive to a value result 
ant from multiplication of the count value of the counter by a 
factor of —l; and 

Wherein the integrator integrates the pulse signal output 
from the second PWM circuit and feeds back, as the 
feedback signal, to the second subtractor a signal result 
ant from inversion of a polarity of the integrated signal. 

6. A DC-DC converter comprising: 
a ?rst subtractor Which receives digital target value data 

and digital feedback data and Which outputs data per 
taining to a difference betWeen the digital target value 
data and the digital feedback data; 

a ?rst PWM circuit Which outputs a pulse signal having a 
duty cycle responsive to data output from the ?rst sub 
tractor; 

a sWitching circuit Which is sWitched on the basis of the 
pulse signal output from the ?rst PWM circuit; 

a loW-pass ?lter Which smoothes a signal output from the 
sWitching circuit and Which supplies the smoothed sig 
nal to a load; and 

an AD converter Which subjects a signal output from the 
loW-pass ?lter to AD conversion and Which feeds back 
the converted digital signal to the ?rst subtractor as the 
digital feedback data, 
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Wherein the AD converter includes: 
a second subtractor Which receives the signal output 

from the loW-pass ?lter and a feedback signal and 
Which outputs a signal pertaining to a difference 
betWeen the signal output from the loW-pass ?lter and 
the feedback signal; 

an integrator Which integrates the signal output from the 
second subtractor; 

a comparator Which binariZes a signal output from the 
integrator by comparing With a predetermined thresh 
old value; 

a counter Which measures respective pulse Widths of a 
signal output from the comparator; and 

a second PWM circuit Which outputs a pulse signal of a 
predetermined period having a duty cycle responsive 
to a count value output from the counter and Which 
feeds back the pulse signal as the feedback signal to 
the second subtractor; and 

Wherein a count value output from the counter is fed back 
as the digital feedback data to the ?rst subtractor by Way 
of or by bypassing a decimation ?lter. 

7. The DC-DC converter according to claim 6, Wherein a 
PWM frame of the ?rst PWM circuit and a PWM frame of the 
second PWM circuit are synchroniZed to each other. 

8. A DC-DC converter comprising: 
a ?rst subtractor Which receives digital target value data 

and digital feedback data and Which outputs data per 
taining to a difference betWeen the digital target value 
data and the digital feedback data; 

a ?rst PWM circuit Which outputs a pulse signal having a 
duty cycle responsive to the data output from the ?rst 
subtractor; 

a sWitching circuit Which is sWitched on the basis of the 
pulse signal output from the ?rst PWM circuit; 

a loW-pass ?lter Which smoothes a signal output from the 
sWitching circuit and Which supplies the smoothed sig 
nal to a load; and 

an AD converter Which subjects a signal output from the 
loW-pass ?lter to AD conversion and Which feeds back 
the converted digital signal to the ?rst subtractor as the 
digital feedback data, 

Wherein the AD converter includes: 
a second subtractor Which receives the signal output 

from the loW-pass ?lter and a feedback signal and 
Which outputs a signal pertaining to a difference 
betWeen the signal output from the loW-pass ?lter and 
the feedback signal; 

a comparator Which binariZes a signal output from the 
second subtractor by comparing With a predetermined 
threshold value; 

a counter Which measures respective pulse Widths of a 
signal output from the comparator; 

a second PWM circuit Which outputs a pulse signal of a 
predetermined period having a duty cycle responsive 
to a count value output from the counter; and 

an integrator Which integrates the pulse signal output 
from the second PWM circuit and Which feeds back 
an integrated signal as the feedback signal to the sec 
ond subtractor; 

Wherein a count value output from the counter is fed back 
as the digital feedback data to the ?rst subtractor by 
bypassing a decimation ?lter; and 

Wherein the pulse signal output from the ?rst PWM circuit 
and the pulse signal output from the second PWM circuit 
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are synchronized to each other, and an integration con 
stant of the loW-pass ?lter and an integration constant of 
the integrator are set so as to become equal to each other. 

9. The DC-DC converter according to claim 8, Wherein the 
second PWM circuit outputs the pulse signal of a predeter 
mined period having a duty cycle responsive to a value result 
ant from multiplication of the count value of the counter by a 
factor of —l; and 

Wherein the integrator integrates the pulse signal output 
from the second PWM circuit and feeds back, as the 
feedback signal, to the second subtractor a signal result 
ant from inversion of a polarity of the integrated signal. 

10. A DC-DC converter comprising: 

a subtractor Which receives an analogue target value signal 
and a feedback signal and Which outputs a signal per 
taining to a difference betWeen the analogue target value 
signal and the feedback signal; 
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a comparator Which binar‘iZes a signal output from the 
subtractor by comparing With a predetermined threshold 
value; 

a counter Which measures respective pulse Widths of a 
signal output from the comparator; 

a PWM circuit Which outputs a pulse signal of a predeter 
mined period having a duty cycle responsive to a count 
value output from the counter; and 

a step-doWn chopper circuit or a step-up chopper circuit 
formed by combination of a sWitching element sWitched 
on the basis of a signal output from the PWM circuit, an 
inductor, a capacitor, and a diode, 

Wherein a voltage output from the step-doWn chopper cir 
cuit or the step-up chopper circuit is fed back as the 
feedback signal to the subtractor, and a voltage output 
from the step-doWn chopper circuit or the step-up chop 
per circuit is supplied to a load. 

* * * * * 


